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;Nk- RECEPTIVE SUBSTRATES 



-lELJ CP THE iNVENTI Orj 

The oresent ir.ventior relates :o an ;nk ^ec:eptr/e substrate and to processes fc'r 
'heir I "-E'paraticn and use, fi articuisrly ir the field of ink jet printing. 

BAC H GROUND 

In ^ecent years there have t-;en advances -n nnnting technology tha^ permit the 
::roc .j.:!:cn of high resiiTjtion Cji.;ur images throcch ink jet cr;n:;ng These advances 
■■■";ak^:• it ;;;oss:bie for a user to recc^^d 3 cohDu: irnag^^; in :^ digital ■crniat. transfer the image 
tc a "ornpu*er, manipulate the imiage, and tnen pnnt tne image using an ink jet printer. 
Curr--r^t digital imaging s/s*emiS are now capab^e c^ produc:ing near photographic quality 
ccio jr images. 

Improvements in tne cuahty of colour imagers produceo by ink jet printers have 
resul'';d from developments in tiie components cf the ink jet printer such as orinting 

■ :ead>. as. well as advances in the ink compositions usecJ in the mk lOt primers. As a resuit 
of thvse de\'elopments .n cobu^ ink :et print, ng, a new factor limiting the resolution and 
iippe.:irance of colour images oroduced by irii- printers fias emerged. Tnis iimiiinq factor 15 
me ink recepitive substrate c-n which trie image is pr.ntec. 

Use of uncoated pciper as the substrate fo- ink jet printing pro:iuce5 less than 
cctimumi resolution becvuse; f'bres in tne paper cause the ink to '-un' sideways. 
A\ddit.ona:|\ , uncoaied pape-s are typica i/ not glossy and therefore do not give 
photc^graphic quality output. 

In an attempt to improve the conformance of paf^er usee with ink jet printers, some 
niancfa-:turers extrude a plastic layc cn the s.jrface c'" the paper. The extruded p'astic 
'e/e- car give enhancec gloss sm.ooTines;-;. and ge-ieral appearance and is typical;- 
cc at;;'d with miaierials tnat help tc crevent trie nk from running. 

A. d aw'back of e.^t.mde:] piastic papet scatings is tnat tney typicaiiy navL- ittie or nc 
: ciror ty cr .icuid absorpt.vity. ConsequentI, tne surface of tnese papers remain wet t: 
tne t::uc:n fc-r an exte^^ce.:^ oenod of time as the ink drying mechanism s mainiy due tc 
f-'. ape ration :f the inK ccLent. wnich :s frequently water It fnay take t^^n minutes or more 
*c- tr-.e n^3c,es to comr'iete'y cry, depending cn the temf: eraturt- and humid ty. Because 

s :€ngth\ drying tin-c each nr'^ted shtiet -r^js: be renvcved rrcm the -crinter 'ray and Sr: t 
.:.t tc c-y t: prevent Siiucq ng c canvover j\ ttie printed im.ace cnto t'-^e each side of th- 

■ ex: ;'r<r[-3C sheet, A:so, tr is o.tenced per oa of wet ck on me paper surface msakes : 
^■ore iikeiy that the inK vvil run, Ic.vvenng image quality. 

Ar other attem.ct tc imprcve tne oertcrmance C'' paper used with ink jet printers 
■-/elves clacing a coat-ng containing a corous mineral cn a supccrt medium. The oorous 
-nnerai enhances ink aost-rption and tnereb> reduces the ink cp.' times. Per e.vample U.S 
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4.780,356 iiscioses a porous memtrane coated ink at'Sorbent paper created by coating a 
:^ninera!. bin Jer combination on par'er. which the mineral csrticies thennseives can 
iicscrb the nk. 

■J.£ 5,104,730 describes formino a silica layer on top ca 3 porous coating, which is 
■atricated iron^ porous particles in a poiymeric bin::ier. U.^^. 5,264,275, discusses forming 
a two-layer coating in which a io-.ver layer has a smaller pore size and an upper layer has 
a larger pee size. 

'J.S 5.-63,178 discloses fcrming a poroue coating from pseudo-boehmite and 
"hen apply ng a scratch resistan' uppermost layer cf silica ge,. U.S. 5,472,773 describes 
:::r:"duc:ng hicn gloss porous cc-ated paoer by firs: castinc a porous layer from a pseudc- 
ootenmite containing iiquid on a smc^oth plastic sheet. A paper bach.ing is tfien applied to 
:he po-'ous 'ayer. Finally, the plastic sneet is separated from the porous la'/er to reveal the 
coated oapor. 

Others nav6i found that ink absorbent coatings for ii^-k jet recording miedta can be 
oreoared using coatings that are free from inorganic filler particles. Fcr example U.S. 
•5,^374,475 oescribes preparing a polymieric solution and then adding a non-solvent to 
■:re;;;te mic 'osc jpically sn-iall pctlyn-ier particles. This polvmer sc^lution containing the 
microscopically small polymer particles is cast on a support media and then heat-treated 
;o evapor.^te the solvents. U.S. 5,7^9,639 describes membrane coated substrates 
oreoared t" ; a phase inversion technique which entails coating a polymeric dope solution 
ont(T a ;-ub^trate. The coated suostrate is then quenched in a non-solvent, such as water, 
'o produce a microporous structure. 

U.S 4,:'.77,688 describes ink receptive ccat.ngs prepared by appiving a pre- 
po!ymG'"ised en^iulsion polymer to a transparent support, 

SUV IMAR^' O F THE INVENTIOr j 

According to a first aspect of :he present invetition there is pTov'ded an ink 
"ec:eoti\e substrate comprising: 
■j) a support material; and 

■ii) 3 p'Orous polyme" layer the support material obtained by poh'mensation of a 
mic roemuiston on the sup'port material. 

\1tc- oeirulsions are dist ngui^; he:::! from convofuicrai emulsions by :heir optical 
:larMy, iov. viscosity, small domain si.:e and thermodynami : stability C-onventional 
ernu-s c ns settle into discrete lasers eve- time and are generally cioudy, i.)f hi^h viscosity, 
.arce domain si^e and low thermodynamic stability. 

The micToemuision is preferably a polymensabie oil-in-wator, water-m-oil, oil-in-oil 
or rrioie preferably a bicontinuous microemulsion. In bicontinuous mioroemuisions, a 
water-immiscible organic liquid forms a first continuous phase, an aqueous liquid forms a 
second continuous phase and the chases are intermingled such that the properties 
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^.e re n before ascribed to a microemuisior. are observed. Preferred bicontinuous 
rr:-r()emu!sicns CDr-^orise an aqueous onase, zr.e or Tiore ?iddit:on-[:oiymerisable water- 
:nrr^isc;bie organ;c :i-;ateria!s 'hereinafter referrec tc for ccnvenience as "pC'iymensable 
Oil";: and one or more surfactants. 

The aqueous phase is typi caily water, optionaliy containing a sclute. The soiute 
may be a liquid (for exannple a volatile organic solvent, e.g. propylene glycol, ethylene 
qiycci monobutyl ether, diethylene glyc;o.| n^Kjnooutyl ether or 2-(2-etho>:yethoxy)ethanol) or 
a solid, especially a vvater-solubie inorqamc salt, e.g. NaCI, h CI, AI.{S0;)3, CaSO,, MgSO, 
and mixtures thereof. 

When the aqueous phase is .vate^ containing a solute the appropriate 
conc^rntration of the solute therein ma>' be found by simple e:'.pertmer t. 

The microemulsion preferably comprises: 
a) 5 to 95 parts, more preferably 10 to 80 parts, especially 30 to 70 parts of aqueous 

phase; 

lb; 1 to 75 parts, preferably 10 to 70 oarts, more p-eferably 15 to 50 parts of 

polymerisable oil. and 
(c) 0.1 to 70 parts, more preferably 1 to 30 parts of surfacant; 
wherein all parts are by weight and the num.ber of parts (a ■ + :d) + (c) adds up to 100. 

The microemulstcm preferaoiy contains a free-raciicai initiate r, although such an 
initiator may be omitted in circumiStances where it is net necessar/ to initiate 
pciymerisation of the microem:ulsion. For example, eieclron oeani polymerisation of 
microemulsions may under son^e circu'mstances proceed whout inc;lucing a free-radical 
initiator in the microemulsion. When a free-radical initiator is oresent in the microerTiulsion 
it IS preferably present in an amoun' of C.01 tc 10%, more^ preferably 0.1 to 5% by weight 
relative to the total weight of the microemulsion. 

Further- ingredients may be present in the microem^'Sion, e.g. biocides, organic 
solvents, fillers (e.g. porous fillers including silicas anc aluminas), coicrants, mordants 
• espec ally a cationic compounc b--ca-.se these nave a strc-ng afrln^ty *br anionic dyes), 
anti-oxicants, polymers, rheology miodriers, and UV-s'abiHser-E , 'n addition to components 
la 1 to ic). 

Preferably the microemulsi^'n cintains a bloc^ co:-ol\mer compr-sing hycrophobic 
and hydroDh;',c units. The hydrop'^obic units are preferabh. polvalkane fespecia iy poiy 
C _.-aU:ane:' polystyrene. The -.yCDDhHic units are ::re1erah;y non-ionic units, more 
creferablv pc.yu^i^^ylene oxide j units, especially polyiC;..-.-ilkyiene o>;ide) units, more 
esoecially ocivielhylene oxide) units. 

The block copolymer preferaoK has a nur^iber average molecular weight Di from 
500 to 500.000. mere preferably 1000 tc 100,000, especially 1000 to 50,000. 
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Particularly preferred block copolyrners comprising hydrophobic and hydrophilic 
jn:t- include poly (eihylenepropyiene)-ciccK-pf:;iy(,ethyiene o>:ide) block copolymers and 
ooi> etnyiethyiene)-blocK-poly(ethylene cxide) Cloci-: copolymers. 

Suitable block copolymers comprising hydrophobic and hydrophilic units are 
oes.-.r.bed in Langmuir, 1999, 15, pp 67(;7-'^71 1 and Macromolecules, 1996 . 29, pp 6994- 

7oo:. 

The preference for the oresence^ o' these block copclymers arises because they 
aliov; the microenulcion to be prepared using very low levels of component (c) (the 
urT;;ctc:^,nt). There apoears to oe a syntrgi:tic effect resuitinc from the combined use of a 
fur^iictant and the bicck copolymer, the m-;chanism of which is not fully understood. As 
he surfactant is usually the most e-peiisive component of the m:croemulston the 
oresence of ttie b.ock copolymer can resul: in large cost savings The presence of large 
:imi: unts of surfactant also has a detrimenta' effect on the coatings properties e.g. causing 
.:ur::-Ke tack and haziness to the cun/ec tilrr! 

In one embodiement the microemulsion is free from porous inorganic compounds. 
The: inherent!/ pijroLJs nature of tne pol'/mer la;/er can make the presence of such 
:orTioounds unnecessary. 

The microemu sion is preferablv ai^plied to the support material by a coating 
'^ne'".od, for e>:am;:le t:y dipping, sprayini:, kiife coating, rotogravure coating, reverse roller 
:oa:.ng or the like Preferably the microemuision is photopolytnerisable, 

The microemulsion is preferably pC'.ymerisable by means of free-radical initiated 
poly:-nerisation ot by means of a polymeri ;;ation process which does not involve free- 
rad.ral initiation. In any case, ttie microemulsion is preferably thermally or, more 
ore^i-rabiy, photo-ooly merisable (including p:ilymerisabie by electron beam or gamma (e.g. 
Cobalt 60)) irradiation. The preference for the microemulsion being photo-poiymerisable 
arisc-s because this enables particular y fast formation of the porous polymer layer. 
Preterred pclym€;risation processes wh.ch do not involve free-radical initiation inciuce 
caticnic, anionic and condensation poly > nerisation Interfacial polymerisation may also be 
usee. 

When it 5 desired to accelerate removal of water from the polymerised 
microemulsion th.s may be penormed tv, the application of heat and/or a vacuum thereto. 
Hea: may be aoplied by any suitatjie method, including microwave and infra red 
irraoiation. 

As examf.;ies of suitable polym-jrisable oils there may be mentioned inter aiia 
eth vienicaily unsaturated compounds, inuJuding alkyl(meth)acrylates, optionally substituted 
styrenes, methac ryiarnides, ailyl compiounds, vinyl ethers, vinyl ketones, vinyi halides, 
olefins, unsaturated n'triles and mixtures comprising two or more of the foregoing. The 
polymerisable oils may also be polymerisable monomers which are not ethylenically 
unsaturated, either containing or free from ethylenically unsaturated compounds, 




espe lai:;. when the pdyn^ensiticn tecnn que ^sed :c obtaif :he parous poiynier layer 
•rc:r^ • ■"^icroerr ulsicr CG'^.cr!bes eiectror bearr cc-.nne^-sation. 

i ■:e C'Oivrnerisaoie c,l preferaC'V cjr'.ains one c" n^i-iire eihviemosiiv Ljnsaiuratec 
r;:n[;:unds which car^y hvo or n^ore (e^pec:al:y v.vo to in-i ethylenicaliv unsaturated 
p-^u^s because this enables toe mic:"oer .uiiion tc ■'jrrn a cross-iinkec porous ooiyrr:er 
lE:ver .v^th irr^proved nneohanicai properties The ethyienicallv ijnsaturated ;rouos m sucn 
s.oeo-.'S may be the same a;; each other 'as in diacn/laios, trtacryiates and diviny! 
"omo lunds) or thev w.ay be different ffon^ each other (as in ahy! ^methiac-.'iates ;. 
c/ao-oles of pol /merisab e C'l.s vyh,c:h ntain ta'o or mere ettiylenicai'v unsa'urated 
g-oL-.; ir.ciude c::allylpotho;ate. divioyibenjeoe. a:lyl in-eth ; jcryla-e, tnn-ietnylC'l propane 
t- ■;mc'n)a:rylate . ethylene gfy^ol difmeth lacrvlate, 1,6 he-ane diol dn fnet-)aoryIate, 
::: ro:. /lerie glyc::! divo'.etf ;acr> ;ate, d^allvl benzene and urethane, c>oi>esier, aikvd and 
epo;- , di- and pol>-(meth)acryiates. 

In one e'^ibodierme^^t *fe poly mer.saole oil r^ortains one or nnare ethyienicaiiy 
Li .5at .rated coni:::oundo wn;-h carry a catic nic or anionic grc-ijo. in ihis way :he oatianio or 
an on o group is capab e of forming an iomc oono with a c.:.nO:''an: sarrying the opposite 
ctiaro- w:th resu.'tant -mp-ovements in tne wc;t-fas;neos prc^perties of tne substrate. 
Catior.'c groups, are preteTed. especiai.y optionally substituteti ammonium croups, 
oc; :aLse these :an im')ro'.e th--- wet fastness o: images o^: the .uh-soate formed troni 
o:m.'Tionly used anionic c/es Cue to the- itoaction between ihe p^c^Sitive anc negative 
or rirg-: s. 

In one embodieme'O the all- yl(me'h lac^ lates contain less than twenty carbon 
at:ms and in another tney are oligomers carrying one or rnore ' meth^acr-ylate croups 
E>:am.:-!es of aikyi(meth :aow lates containing less than twenty rarbon atoms include methyl 
a::;.'la:e, ethy' acryl6:e, n-pmpyl acrylate, is.jprooyi acrvlate, n -butyl acn/late, isoDu'>i, sec- 
b.t/l acrylate amy! acrv ate. he^yi acrvlate I-eth . Ihe -yl acrn.ate, cotv! aery ate, tert-cstvi 
a:r/l3-e, 2-phero -:yethvl acrylate, ci- ar :: trprofiylene gl\::l diacrylate. 2-chlo^oe*hyi 
a.:r/la:e, 2-brcmoethyl acry iate. --chlorobut> I acry ie.te. cyanoethyl acr\late, 2-aceto • yethvl 
ST'-zic'e, dim:ethyiamiinoet^yvi acrylate, ben:yo acrylate. fetho vbencyl acp/late, 2- 
chlDri^.-yclohexyl acn/latc, acyla'e, syc:ohe.-y^ aoylate. fcdur.. acrylate, tet-ahyoro^urfuryl 
ac:-/la*e, chenyi acryiate, "lycr d ..yetf yl(meth\ ■ ■accv lat-- hydr : ■ypropyl(metn) acoy'iate. 2- 
h\ :::n- /pentyl acrylate. 2,2-oim ethyl- 3mycc <;. oropyl acrylate, 2-me;ho>yethvi a:r\:ate. l 
m^^-ho-ybity- ac:v'ate, 2-et'^oxy ^■■thy! acryiat- 2-:sr~pr:poxye-nvi a-^'lato, 2-butyc ■yemy! 
ec-/!3^e, 2-i2-mettioxye[noxy)etnyi acrylate 2-. 2-Outo^yetho - . )^5thv : acn, laie, l-brcmc-^-^ 
nocho-yetnyi acrylate. 1 , ' -d:ch:oro-2-etho • > othw ac^^/iate, meth;, : methacry'late, e'hyl 
me:ha:n/tate. n-propyi methacrylate. isopropy. methacrylate. r-outyl n-.eihacnylate. isobuty! 
n~e:haLn/late. sec-butyl metnacr/late, amyl methacrylate. he,<-^/l methacoyiate, cyciohexyi 
me-hacrylate benzylmethacnylate. chlo^obenzy: methacrylate. octyl n-'.ethacov^late. TJ-ethyi- 
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r^-phenylaminoethyi methacn/iate, 2-(3-pheny!propy(o>;y)ethyl methacry!ate, 
!JirTiethyiar;iinooheno:«'yethy! .^ethacrylate and furfijryl riethacrviate. 

Pre^'erred cligcmers carrying one or more ('nneth^acrvlare groups have a nunnber 
average nnoiecufar weight of from 200 to SOX'OC more preferably from 500 to 10,000. 
5 Such oiigomers are preferaoiy uret^^anes, polyethers, poiyesiers, epoxys or alKyds or a 
hybrid thereof. These oligomers carrying (meth lacrylate groups have an advantage of low 
volatifity, mahng preparation of tfie oorous pcivm:or layer easier and making them more 
environmentally friendly thar volatile monomers 

Preferred (Optionally substituted styrene-- !nclu::e s:yrene, d.'Virwl benzene, 

:c rne:hylstyrene, dimethylstyrene, tr.methylstyene. ethyistyrene, diethylstyrene, 
i5opropyls:yrene, butyistyrene, he <yfstyrene. cyciohexylstyrene, decylstyrene, 
c.;hloromethylstvrene, trtfiuoromethylstyrene, etho;- /methyistyrene, acetO'.ymethylstyrene, 
metho;<ystyrene, 4-methoxy-3-methyistyrene, dimetho>ystyrene, chlorostyrene, 
dichlorostyrene, trichlorostyrene, tetrachlorostyrene. pentachlcrostyrene, bromostyrene, 

15 Gibrom.i^styrent?. icdostyrene, trifluorostyrene and -bromo~4-tri-fluoromethylstyrene. 

Preferred methiacryiamides contain less than 12 carbon atoms. E <amples include 
nethyimetnacrylamide, tert-butylmethacrylamiae, lert-octylrnethacrylamide, 
benzylmetnacrylamide, cyclohexylmethacrylamide. phenylmethacrylamide. 
oimethylmethacrylamice, dipropylmethacrylamide, ■ lydroxyethyl-NJ- 

20 nethylmethacrylamnde, N-methylphenylmethacr^yla'nide, 

rj-ethy;-N-phenylmethacr^/la^^lde and methacrylhydrazine. 

Preferred ally! compcunds include allyl ace: ate, ali^l caproate. ally! caprylate, allyl 
laurate, allyl palmitate, aliyi stearate, allyl benzoate, aliyl acetoacetaie, ally, lactate, 
allyloxyethanc!, ally! butyl ether and allyl phenyl ether. 

^5 -^referred vinyl ethers contain less than 20 carbon atoms. E-amples include 

methyl vinyi ether, outyl vinvl ether, ne>yl vinyl etr.er, octyl vinyl ether, decyl v;nyi ether, 
ethylhe<yl vinyl ether, me-thcMyethyl vinvi ether, eino>;yetriyl vtnyl ether, chioroethyl vinyl 
ether, 1 -methy -2,2-dimetnyipropyl vinyl ether, 2-e:n.ylbuty. vinyl ether, hydroxyethyt vinyl 
ether and dimethylaminoethyl vinyl ether 

3 0 Preferred vinyl ketones contain less than 12 carbon atoms, E.-amples include 

methyl vinyl ketone, phenyl v nyl ketone and metho-yethy: ^.inyl ketone. 

'-^referred vinyi hal:des include vir.yl chloride, vinyhcene chloride and chlorotrifluoro 
ethylene. 

Preferred olefins include unsaturated hydr'^carbons having less than 20 carbon 
15 atoms. Examples include dicyciopentadiene, ethyl-ne, propylene, 1-butene, 1 -pentene, 1- 
hexene. 4'methyl-1 -pentene, l^heptene, 1-octen-, 1-decene, 5-methyl-1 -nonene, 5,5- 
dimethyl-1 -octene, 4-methyl-1 -hexene, 4,4-dimethyl-1 -pentene, 5-methvl-1 -hexene, 4- 
methyl-1 -heptene, 5-methyl-1 -heptene, 4,4-dimethyl-l -he <ene, 5,5,6-trimethyPI -heptene, 
1 -dodeceneand 1 -octadecene. 
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preferred i-nsaturated n-triles inciude acrylonitrile and merhacyrlonitriie. 

^he pr^-'er^ed eihy;en;caiiv ^nsaurated com::oLirds are ine alkyi 'methiacryiates 
■:::--a!nirig 'ess "han 20 carbon atoms, especially ihcse specificaily nsiec acove. 

The tennoerature at wnich po ymensation is earned cut ^lay affect the structure c- 
tre :oro^s polymer layer. It is often preferred that poiymerisation is carried out at aoout 
r^^orr: temperature, e,g with a photo-initiator, to retain the desired porous structure. 

It is often preferred that the polymerisable cii comprises more than cne addition- 
pii^lynerisabie wate^-immiscibie organic compound. 

Preferably th.e colymensaiiC'ri is penorr^ec under cor.oitions such that tne 
c.-n:1 3uratii:}'-| of the miicrcemuisiC'n s retained durng :he polymerisation. Preferably a 
pnlymerisabie cil is used which resu.ts in the porous la/er having a Tg above room 
temperature and/or is cross-linkable with a suitable moncmor in the reaction mixture use: 
1^ the miethod to give rigidity to the porous layer. 

The surfactant is preferably a non-ionic, ani.i.nic. zv\ itterionic or preferably cationic 
s..rfactarit, e g. a quaternary ammonium compouno or a tertian,^ amine salt, 

Tne preference for cat;onic surfactants ar.::;es because these resu t in poro-j5 
L.-i/ers vvith cationic groups having an aTinity for anionic dyes commonly used in ink ^et 
pr.nting inks. In this way the wet-fastness properties of the substrate are enhanced by the 
'Taction between the positive cationic groups m the pixous layer and th,e riegaiivr;; 
aricnc gPDups in the dye. Preferably the surfactant is co-polymerisable vvith the 
pclymer sable o\\, for example the su'-^actant 13 capable of grafiing onto the polymerisable 
C'' (e g by corraining <3 hydrogen atom vvhicn is capable c t being abstracted during fre*3 
radical polymerisation) or it is an acdiLion-poiymensable surfactant. Preferred addition- 
pc iymensable surfactants are of the general Formula: 

FT-'" 

wf erein 

>: is an anion; 

R' an(j -y are each independently a C;_5-alkyl grouo, anc 

R- and R'' are each independently a C,_.--alky- group 
■■/v:*h :ne provso that at least cr^^e of Rk R- F:' ana F"" carnt-s an ethylenically unsaturated 
grouc. 

is preferablv an in.crganic anion, more preferaoly a nalide and especiall;/ 
bromide or chionde. 

P' and R^ are preferably methy', 
R' IS preferably C.__..-alKy:. 
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Preferably R"* is a chain of from 5 to 1 5 carbon atoms, more preferably about 
elevt?n carbon atoms, tearing an ethylenicaity unsaturated group. 

The ethylenicai:y unsaturated group on the addition-polymerisable surfactant is 
preferably a (meth)acry'iate, or an alternative olefinic group, e.g. an alkene or styrene. 

The ethylenically unsaturated group on the addition-polymerisable surfactant may 
he present adjacent the cation, where the surfactant is cationic, although it is often 
preferred that it is distant therefrom. 

The addition-oolymerisable surfactant will be chosen in the light of inter alia the 
cr enucal properties, particularly hydrophcbicity, of the poiymerisabie oil. For example, as 
th,e polarity of the oil is decreased the hydrophcbicity of the addition-polymerisable 
surfactant can often be increased. We have found that the following combinations of 
surfactant and polymensable oil are particularly useful in the microemulsions: 




Surfactant 



Poiymerisabie Oi 



t"butyl methacryiate 



rr 



dodecyl methacryiate 



^:■:h^.=l::{l:H,)CO.(CH.l,:' 



styrene 



i::h^,-c(':H3)Co.(CH.;j.. ■ 



CM, 



c: H, 



Er- 



t-butyl-styrene 



Whereas we do not exclude the possibility that the poiymerisabie oil and the 
addition-polymerisab'e surfactant may separately homopotymerise during preparation of 
tne ink receptive substrate, it is preferred that they are copolymerisable. 

We do not exclude the possibility that a further surfactant which is not 
poiymerisabie, e.g. (Ci:;H25)-N"{CH3)2Br , may be present. Preferred further surfactants are 
cc-surfactants, especially linear alcohols, for example C^.jo-linear alcohols. Examples of 
preferred linear alcohols include decanol, octanol and pentanoL The identity and amount 
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cr trie n(3r,-poiyr^erisable su-faciant wii' be chosen to ensure a nnicroemulsion results. It is 
::re:e"-?c tn;i: a majcr pcrticn (i e. n-cre :han w;W) of the surfactant 's OQlymerisaDie. 

■^he free-rad,cal inivatcr is preferably a ohcto-initiator, ihernnai-'nitiator. a redox 
:n:iiator or ocimbination thereof. 

Preferred photo-initiators cons st of a single compound or may comprise at least 
two components. Typically, the photo-initiator comprises any of 'he known photo-initiato^ 
sys*e:^^s wh.ch are used tc initiate addition-oolymensation of polymerisabie oiefinicallv - 
ursat;.:rated monomers. As examples of such compositions mav be mentioned inter alia 
(a: mxturo:s of iMict^.lers ketone and berzil or preferaoly benzophenone. typicallv in a 
v;e:gh! rano or about 1:4; (t ) the coumann- based photo-initiator s\stems cescnbed in U.S. 
Pa:. i-,c; 4,239,344; (ci cc^mbinations of he>a3nylbisimidazoles and leuco dyes; (d) 
cyci3he;<adiene4euco dye :: /stems cescnbed m U.S. Pat. r^o. 4,241,869; (e) systems 
basec on Gimetho>:yphenylacetcphenone (benzil din-,ethyl ketal) and/or 
diethcxyacetophencne; or 'T preferab y m-i<tures of amines and ketone:^ as disclosed in 
UK Pa:en: Scecifications Nos 1,408,2t5 and 1.494,903. e.g. ca-nphorquinone, flurenone 
or r-iorpholine and rJ,N-din etnylaminoethyl methacnylate, typically in a -weight ratio of 
about 1:1; (c) mixtures cf (:) a iight-sensirive initiator system, e.q. an alpna.-diketone, a 
recLci-'G agent capable cf reducing the ketone when the latter is in an e:':cited state, e g, 
an zrgani:: amine, and (i, - a peroxide, as disclosed in European Patent Specifications ^\ js 
0. Cog, 545, and 0,09C),4b3, the disclosures in which are imic^rporated herein by way of 
re'erenoe. e.g. a phcto-initiator composition comprising Cian-iphcrquinone, N,U'~ 
d:fr,ethyla,'ninoethyl mett acry.a:e and tt;rt-tutyl perberzoate, preferably in the weight ratio 
about 1:1:1. and (hi ptioto-initiators which generate acid when irradiated, e.g. ar/l 
d.azonium; compounds, diaryliodonium compounds, tnanyj sulphoniurn and triaryl 
selenonium compounds. 

The ketone may, for e <ample, be present in the microemu sion in the concentration 
2'; ^ by weight of the addit::: n-polymensable material therein although 
concentrations outsice this range may be L;sed if desired. Preferably the alpha-diketone is 
present in a concentration o: 0. ; % to 1 ^ ^ bv weight of the adcitior-polymerisable materials 
in the microemulsion. 

The hetones are preferao^ be S'ijluoie in the poiymensabic material, and the above 
comcentrations refer to scluticn c:oncent^ations. 

Preferred thermal -imriators are o^gao'c peroxides and thermally decc:m,posable azo 
cc:mpcunos. e.g. azo diisobutyi onitrile Toe organic percxide;>, when present in the 
m oroen^uisiori include those having tne formula R^-Cj-O-R' in which each Pn 
independently is hydrogen, alky', aoyl, ::r a.-, acyl group, provided *hat no more than one of 
the R' group is hydrogen. The term aoy^ means groups having the formula R- -CO- in 
which R" is an alkyi, anyi. alkoxy or any'oy grcup. The terms aikyi ano aryl include 
substituted alk^,l and anyl 




Examples of organic peroxides suitable for use In the method of the present 
invention include diacety: perc^jde, dibenzoyi perc?<:ide. ditertiary butyl peroxide, dilauroy! 
pero'tce, tertia-^-butyl pe''benzoa:e, diteruary-butyt-cyclohexyl perdicarbonate. 

The organic peroxide may be, for example, present in the microemuision in the 
range 0.1 ^'/^ to 20%, preferably 0.5% to 5^o, oy weight of the potymerisable material in the 
microemulsion although concentrations outside this range may be used if desired. 
The reactivity cf a peroxide is c'ten measured in terms of its half-life temperature, i.e. 
vyitt:ir; ten nours at that temperature half of the o;>ygen has been made available. The 
jierO'icc'S vuitaole for use in the methoo according to the present invention preferably 
rave ter-hour half-life temperatures of less than 150-C more preferably less than 110°C. 

Preferably the ink receotive substrate has an overall thickness of less than 1cm, 
more preferably less than 2mm, especially less than 0.5mm. 

Preterably the porous layer has a void volume of 5 to 95%, more preferably 10 to 
esoecsaily 30 to 70^'o 

The support materia! may itself comprise plurality of layers, adhesives and any 
Cithe:- properties or features typically found in media. Multi-layer supports are commonly 
usee in 'he art. In addition the ink receptive substrate may also carry one or more further 
laytTS, e.g. a scratch resistant layer, covering the porous polymer layer. 

The ink receptive substrates may comprise several layers having difi'ering mean 
pore sizes anc.'or void vc lumens. For e> ample the outermost layer may have a larger 
mea:"i pore size than the ne>t layer. In this way the relatively large pores of the outermost 
layer can bo made suitable for .receiving pigment particies and the next layer is suitable for 
receiving dye. Furthermore, the ink receptive substrate may contain a further inner layer 
for receiving the liquid m'.; jia C'f an ink to accelerate drying. This can be thought of as a 
'solvent sinK' to make the media feel dry to the touch quickly and allow ink jet printers to 
v/ork at high saeed without printed substrates being smudged by subsequently printed 
substrates. Alternatively tne substrate may be a fibrous absorbent material which acts a 
solvent sinh 

l"he various layers of the ink receptive substrate may each independently be 
neutral, positively charged or negatively charged. Also the size of charge in the layers 
may oe different, e.g. a si ghtly positive charge on the outer layer and a more positively 
char..;ed ne vt layer. 

The support material is preferably a paper, extruded paper, an opaque or 
transparent film or foil, especially those made cf polyester, polycarbonate, polypropylene, 
triacetate, polyvinylchloride, etc 

Tne ink receptive substrates of the invention benefit from fast drying times, 
avoidance of flammable and to>ic organic solvents and good drop definition with little side- 
ways spread of the image. Furthermore, because inks are l^xed in the capillaries of the 
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r^icro-porous layer, an e>:cellent. durable resolution capability of the substrate may be 
achieved. 

The ink receptive substrate can be used for an presently known recordinc 
technologies (e.g. for posters, transparencies, photo-realistic printing, slices, etc). The 
substrate can also be used, for instance, for a n^anual drawing, e.g. by a felt marker, bail- 
point writing utensil, by plotter apparatuses such as pin-plotters or inh jet-plotters or 
-pnnters, respectively, with CAD-recording apparatuses. The ink receptive substrate is 
particularly useful for photo-realistic printing, especially by ink jet. 

According to a second aspec: of the present invent. on there is pro\ ided a process 
^or preparing an ink receptive substrate carrying a desred image compris;ng applying an 
ink 10 an ink receptive substrate to give the desired image, wherein the ink receptive 
substrate is as defined in the first aspect of the present invention. 

A preferred aspect of the orocess of the second aspect of the present invention 
comorises the steps: 

(a) applying a polymensable microemulsion to a support material; 

(b) polymenstng the product of step (a) to give an ink receptive substrate; and 
(::) applying an ink to the ink receptive substrate 'o give the desired image. 

The ink is preferably applied m step (c) by a pnnting method, more preferably by 
means cf an ink jet printer 

In a preferred embodiment the product of step (o) is dned before performing step 

(c) . Furthermore, further layers and treatments may be applied to the product of step (b) 
before and/cr after step (c) has been performed, for example a scratch resistant layer. 

The preferred microemuisions, support materials and substrates are as 
hereinbefore described in relation to the first aspect cf the present invention, 

^ne ink jet pnnter preferably applies an ink to the substrate in the form of droplets 
which ar r e^^cted through a sniall nozzle onto the substrate. Preferred ink jet pnn:ers are 
piezc'electric ink jet printers and thermal ink jet printers. In thermal ink jet pnnters 
programn-iec pulses of heat are applied to the ink in a reservoir by means of a resistor 
adjacent to tne nozzle, thceby causing the ink to be ejected in the form of small droplets 
cirecr.ed Towards the substrate during relative movement between the suostrate and the 
nozzle, n p:ezoefectric ink jet printers the oscillation of a small cr\'stal causes ejection of 
the inh from :he nozzle. 

Tne preferably comiorises a colorant and a liquid medium. The 'nk may also be 
a liquid toner. Preferred colorants carry anionic groups, especially suiphonate and/or 
carboylate groups. Preferred liquid media are water, organic solvent and mixtures 
comprising water and organic solvent. 

Tne cciorant is preferably yellow, magenta, cyan or black. 

Tne colorant m,ay be a single coloured component or a mixture of coloured 
components, for example i: mav be a muture of different dyes and.'cr pigments. Preferred 
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colorants are dyes, especially anionic dyes, carbon black pigments, red, orange, yellow, ^ 
green, blue, indigo, violet and black pigments especially chemically modified carbon Diack 
oigments carrying ionic groups available from Cabot Corporation. By using a mixture of 
different dyes as the colorant one may achieve greater flexibility in colour of the ink. 

Useful classes of colorants include anthraqumones, phthaiocyanines, pyrrolines, 
trtphenodioxazines, methines, benzodifuranones, coumarins, idoanilines, benzenoids, 
onthenes, phenaztnes, solvent soluble sulphur dyes, quinophthalones, pyridones, 
aminopyrazoles, pyrollidines, styrylics and azoics. Examples of preferred azoics are 
monoazo, disazo and trisazo disperse dyes each, of which are optionally metailised and 
solvent soluble dyes; especially preferred azoics contain hetercylic groups. The Colour 
Index International lists suitable colorants. Preferably the colorant carnes one or more 
anionic groups. 

Preferably the tnK has been filtered through a filter having a mean pore size of less 
than Sum, more preferably less than 2f.im. A viscosity of less than 20cp, more preferably 
less than 10cp, at 20''C is preferred for the ink 

In a tfiird embodiment of the present invention there is provided a kit comprising: 

(i) an ink receptive substrate comphsing a support material and a porous polymer, 
wherein the porous polymer layer has been obtained by polymerisation of a 
microemulsion; and 

(ii) written instructions to print the substrate with an ink. 

Preferably the ink receptive substrate is as defined in the first aspect of the present 
invention. 

Preferably the instructions are written on packaging containing the ink receptive 
substrate and/or on a sheet of paper accompanying the ink receptive substrate. 

The written instructions are preferably for printing the substrate with an ink by 
means of an Inkjet printer. 

The following e>amples illustrate but do not limit the invention. The following 
abbreviations are used in the Examples; 

S1 :s CH2^CiCH3)C02(CH,)i, N^{CH-0.((CHo); CH3), Br' 
DPGDA is dipropylene glycol diacr/tate. 

Darocur^^^ 1173 is 2-hydroxy-2-methyl-1 -phenyl propan-1 -one. 

Example 1 
Step 1 

A microemulsion was formed by mi>:ing a surfactant (S1, 6g), polymerisable oil 
(DPGDA. 4g), water (lOg) and a photo-initiator (Darocur™ 1173, 0.4g) until a fluid, 
transparent microemulsion was formed. This was then coated onto a support material 
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(Me[ine< D706 film) us.ng a No. 3 Wire K-bar to give a 20 micron thick wet film. Tt^e 
rr^^icroenulston was then poiymerised using a Primarc Minicure uv stations (curing energy 
- -Jn-"^). The resulting material was a transparent, tack-free solid coated r1!m. This was 
then dried under vacuo for 2 hours at 50^C to give an ink receptive substrate according to 
the invention. 

St ep 2 - Control 

A mi>:ture of S1 fBg-, DPGDA (4g) and Darocur''^ 1 173 (0.4g) {NB No water) was 
coated and cured as for example 1 to from a control substrate for companson with the 
product of step 1 . 

St ep 3 - Printing and image Quality 

A photographic image was then printed onto the substrates resulting from Steps 1 
and 2, using a HP 890 ink-jet printer loaded with the standard aqueous inks containing 
anionic dyes and a black pigment ink. Dry-time was assessed by finger rub, pnnt quality 
by visual inspection and water resistance by running tap water over the films for 2 minutes 
(1C^ no colour loss evident, O=colourant completely removed). The following results were 
obtained: 



j Dry-time (Sec) 



Print Quaiitv 



Water Resistance 



Step 1 

Control (Step 2) 



i <15 



Excellent 



10 



>1 5 Minutes 



Poor 



i 0 
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CLAIMS 

1. An ink receptive substrate comprising: 
(i) a support material; and 

lii) a porous polymer layer on the support material obtained by polymerisation of a 
microemulsion on the support material. 

2. A substrate according to claim 1 wherein the microemulsion is a polymerisable oil- 
■ n-water, water-in-oil, oii-in-oil or biconiinuous microemulsion. 

3. A substrate according to any one of the preceding claims wherein the 
microemulsion is a polymerisable bicontinuous microemulsion. 

4. A substrate according to any one of the preceding claims wherein the 
microemulsion is photopolymerisable. 

5. A substrate according to any one of the preceding claims wherein the 
microemulsion contains a mordant, 

6. A substrate according to any one of the preceding claims wherein the 
microemulsion contains a cationic surfactant. 

7. A substrate according to claim 6 wherein the cationic surfactant is an addition- 
polymerisabie cationic surfactant. 

3, A substrate according to any one of the preceding claims wherein the 

microemulsion comprises: 

(a) 5 to 95 parts of aqueous phase; 

\b) 1 to 75 parts of polymerisable oil; and 

:;c) 5 to 70 parts of surfactant; 

wherein ail parts are by weight anc the number of parts {a)+(b)+(c) adds up to 1 00. 

9. A substrate according to claim 8 wherein the surfactant is co-polymerisable with 

:he polymerisable oil. 

10. A substrate according to claim 8 or 9 wherein the surfactant is a cationic 
surfactant. 
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A substrate according to any one of the preceding claims wherein the 
:roennuisicn contains a block copolynner connpnsing hydrophobic and hydrophilic units. 



1^, 



A process for prepanng an ink receptive substrate carrying a desired image 
compnsing applying an ink to an ink receptive substrate to give the desired image, 
wherein the ink receptive substrate is as defined in any one of claims 1 to 1 1 . 

13. A process according to claim 12 compnsing the steps: 

(a) applying a polymerisable microemuision to a support material; 

(b) polymerising the product of step (a) to give an ,nk receptive substrate; and 

(c) applying an ink to the ink receptive substrate to give the desired image. 

14. A process according to claim 1 3 wherein the ink is applied in step (c) by means of 
an inh jet printer. 



15. A process according to any one of claims 12 tc 14 wherein the ink contains a 
yellow, magenta, cyan or black colorant. 

16. A process according to any one of claims 12 to 15 wherein the microemuision 
contains a cationic compound and the ink contains an anionic dye. 

17. A kit comprising: 

(a) an ink receptive substrate compnsing a support material and a porous polymer 
layer, wherein the porous polymer layer has been obtained by polymerisation of a 
microemuision; and 

(b) written instructions to print the substrate with an ink. 



18. A kit according to claim 1 7 where the substrate is as defined in any one of claims 1 
to 1 1. 



